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Effects of land-cover change on spatial pattern of forest communities in
the Southern Appalachian Mountains (USA)
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Understanding the implications of past. present  and future patterns of human land use for biodiversity and eco-

system function is increasingly important in landscape ecology. WC examined effects of land-use change on four

major forest communities of the Southern Appalachian Mountains (USA). and  addressed two questions: (I ) Are

forest communities differentially susceptible  to loss and fragmentation due to human land use? (2) Which forest

communities are most likely to he affected by projected future land cover changes? In four study landscapec.

maps of forest cover for four time periods (1950, 1970, 1990, and projections for 2030) were combined with

maps of potential forest types to measure chnngcs in the extent and spatial pattern of northern hardwoods, cove

hardwoods. mixed hardwoods, and oak-pine. Overall, forest cover increased and forest fragmentation declined in

all  four study areas between 1950 and 1990. Among forest community types. cove hardwoods ard  oak-pine corn-

muniticc  wcrc  most affected by Ian&cover change. Relative to its potential, cove hardwoods occupied only x0-

40% of its potential area in two study landscapes in the 1950s. and oak-pine occupied -50% of its potential

area: cove hardwoods remained reduced in extent and number of patches in the 1990s. Changes in northcm  hard-

woods, which are restricted to high elevations and occur in small patches, were minimal. Mixed hardwoods were

the dominant and most highly connected  forest community type, occupyin g between 47 and 70% of each study

area. Projected land-cover changes su ggest  ongoing reforestation  in less populated regions hut declining forest

cover in rapidly developing areas. Building density in forest habitats alto  increased durin g the study period and

IS projected to increase in the future: cobc  hardwoods and northern hardwoods may be pnrlicularly  vulnerable.

Although increases  in forest cover wtll  pi-ov~de  additional habitat for native species.  increases  in building denhlty

within forests may offset some of these gains Species--rich cove hal-dwood  communities are likely to be most

vulnerable to future land-use change.

2000;  Dale et al. 2000; Dupouey et al 2002;  Jong-

man 200?).  Land-u5e  patterns influence water  quality

Understanding the intplications  of past, present and (e.g., Detenbeck et al. 1993, Soranno et al. 1996.

future  patterns  of human land USC for biodivcrslty  and Johnson ct al. 1997; Wear  ct al.  1098)  and stream

ecosystem function is increasingly  important in basic fauna (Richards et al. 1996).  and they alter the abun-

and applied ecology (Lee et al. 1992:  Bourna  et A. dance and spatial pattern of native habitats. often re-

1908:  Turner  et  al. 199s;  Pearson et al. 1999:  Antrop suiting  in habitat loss and fragmcntution  (Skole  et al
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1994; Turner et al. 1994; Sinclair et al. 1995; Mat-
lack 1997; Cooperrider et al. 1999). For example, for-
est cutting patterns have a large and persistent impact
on landscape structure (Franklin and Forman  1987; Li
et al. 1993: Wallin et al. 1994). Prior land use can
leave a distinctive legacy in composition of ten-estrial
(Duffy and Meier 1992; Matlack  1994; Foster et al.
1998: Fuller et al. 1998; Pearson et  al. 1998; Dupouey
et al. 2002) and aquatic communities (Harding et al.
1998),  even when the vegetation appears  to have re-
covered. Many studies have explored interactions be-
twccn land-use patterns and individual species (e.g..
Hansen et al. 1993; Dale et al. 1994; Matlack  1994:
Hansen et al. 1995; Miller et al. 1997; Tucker et al.
1997; White et al. 1997: Pearson et al. 1999).  but
studies of effects on biotic communities are also
needed (Franklin 1993; Noss 1987; Hunter 199 1: Du-
erksen et al. 1997; Poiani et al. 1998; Vandvik and
Birks 2002). Some communities may be at risk of loss
or fragmentation because of their spatial distribution
or position in the landscape; wetlands and riparian
forests are well-known examples. In this paper, we
examine the effects of past and projected land-cover
changes on the extent and spatial arrangement of ma-
jor forest communities of the Southern Appalachian
Mountains.

Land-cover changes in the Southern Appalachian
region of the United States during the last century
have been profound. Most areas were subjected to
extensive forest clearing at the turn of the century
(Williams 1989). The nearly complete harvesting of
timber and the poor suitability of much of the region
for agriculture lead to widespread “benign neglect” of
the cutover lands. Natural reforestation occurred in
many arcas,  resulting in the extensive forests that
characterize the region today (Phillips and Shure
1990). Studies of recent changes in forest  cover in the
region revealed a strong influence of the underlying
topographic complexity on land-use change. Arcas  at
lower elevation and on more gentle terrain are more
likely to have remained in nonforest cover or to have
experienced more recent losses of forest cover (Wear
and Flamm  1993: Turner  ct al. 1996; Wear  ct al. 1996;
Wear and Bolstad 1998). Current trends in land use
emphasize  continuing rural residential development
largely driven by aesthetics, climate and access to
recreation ([SAMAB] Southern Appalachian Man
and the Biosphere 1996). Projected future patterns of
land use for the region suggest that topography will
likely remain a significant constraining factor on land
use patterns, allowing some areas to persist in forest

cover regardless of development pressures while ag-
ricultural, residential and urban uses are concentrated
in specific portions of the landscape (Wear and Bol-
stad 1998). However, land use may intensify without
associated changes in land cover if development oc-
curs under the forest canopy. In the Southern  Appa-
lachian Mountains, forest cover is often increasing
(rather than declining) with an increase in human
population density and development. Such changes
arc not well  understood.

The U.S. Southern Appalachian region is charac-
tcrized by extensive deciduous forest (Braun 1950).
but community composition varies substantially with
topographic position (Whittaker  1952, 1956; Day et
al. 1988; Bolstad et al. 1998). If certain topographic
positions arc more likely to experience land-uselland-
cover changes, forest communities and the species
within them may be affected differentially. In this
study, we examined land-cover changes between
1950 and 1990 and changes projected to 2030 in four
study areas in the Southern Appalachians to address
the following questions: (1) Are forest communities
differentially susceptible to loss and fragmentation
due to human land use? (2) Which forest communi-
ties are most likely to be affected by projected future
land cover changes?

Methods

The Southern Appalachian region extends approxi-
mately from Chattanooga, Tennessee, northeast to
Roanokc, Virginia and includes all the mountainous
portions of western North Carolina, northern Georgia,
and southeastern Virginia (Figure 1). We focused on
four study areas (Figure 1) in the Southern Blue
Ridge Province that exhibit a broad range of land-use
pressures and for which future land cover projections
were made by Wear and Bolstad (1998). These areas
include: (1) the Little Tennessee River Basin (LTRH)
in southwestcm  North Carolina and northern Georgia:
(2) Cane Creek watershed in southern Buncombe and
northcm  Henderson County, North Carolina, (3)
Madison County, North Carolina; and (4) Grayson
County. Virginia.

The LTRB surrounds Franklin, North Carolina,
and human population increased by 45.37~  in the
LTRR  between 1950 and 1990 (US Census Bureau,
I990  Census, http://www.census.gov/).  The Cane
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F&m I. Map showing the U.S. Southern Appalachian region and the location of the four study areas within the region.

Creek and Madison County study areas are both con-
tained with the French Broad River Basin in the vi-
cinity of Asheville, North Carolina. Cane Creek has
experienced a 124% increase in population since
1950; in contrast, population declined by 17.4% since
1950 in Madison County. Grayson  County, Virginia,
borders North Carolina, and its population has re-
mained relatively stable, increasing only 8% since
1950. Agricultural lands have declined in all four
study areas since 1950, but ranged in 1992 from only
7% of the land area in farms in the LTRB to 47% in
Grayson  County (Wear and Bolstad 1998).

Foresr  community class$icaiion

Forest community types were mapped for each study
area at l-ha resolution using known relationships be-
tween community composition and elevation, aspect
and landform  (Whittaker 1956; Day and Monk 1974;
Day et al. 1988; Rutledge 1995; Bolstad et al. 1998).
Based on work by Day et al. (1988),  we used four
major forest  community types (Figure 2) that can bc
predicted well using digital terrain data (Bolstad et al.
1998): (1) northern hardwoods, characterized by
American beech (Fugus  grundifotia). red oak (&e)--
cus  &XI),  yellow birch (Berrrlu  alteghaniensis), and
yellow buckeye (Aescutus  ocrclnd,n);  (2) cove hard-
woods, dominated by mesophytic species such as tu-

lip-tree (Liriociendron  rr&pifern),  sweet birch (B.
lentu),  basswood (Elia  heterophyllu), sugar maple
(Acer sacchnrwn), and cucumbertree (Magnolia
acuminnta);  (3) mixed deciduous, typically including
white oak (Q. ah), red oak (Q. wbru), black locust
(Robinin  pseudoacucia), red maple (A. rubrum),  and
hickories (CU~JU  spp.), and (4) xeric oak-pine, domi-
nated by scarlet oak (Q.  coccinea), chestnut oak (Q.
yrinus). black gum (Nyssa  sylvaricn),  sour~ood  (Ox-
ydendrurn  arboreum),  and pitch pint  (Pinus  rigida).

Elevation, slope, aspect, and landfonn data were
derived from digital elevation model (DEM) data. Us-
ing a third-order finite difference algorithm (Bem-
hardscn 1992),  three  landform  classes were developed
from the 30-m DEM data. This technique uses the
relative elevations of the surrounding nine grid cells
to determine whether the topography is flat, convex
or concave. The wcightcd average  serves as a contin-
uous model of terrain shape (see Bolstad et al. (1998)
for further information). Values of the terrain shape
index (McNab  1989) were used to assign each cell to
one  of three landform  classes: (1) coves,  which in-
clude flat areas located adjacent to streams at the low-
est elevations. areas of flat to rolling terrain at low
elevation that extended for at least one km. and nar-
row valleys with highly concave terrain. (2) slopes-
areas with moderate slopes and flat terrain shapes,
and (3) ridges-locations with highly convex terrain
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Figure 2. Relationship of forest community types to elevation. aspect, and  landform used to map porential  distribution of cove hardwood,
northern hardwood, mixed hardwood and xeric oak-pine communities. (Redrawn From  Bolsrad  er al. (1998) and Day CI al. (1988)).

shapes. Potential  forest types were  mapped  in each
study area using data layers for elevation, landform
and aspect, and the relationships between topography
and forest type described by Day et al. (1988).

Lrrnd cover and lurid  use  data

We used a land-cover database developed for 1950.
1970 and 1990 and compiled in a geographic infor-
mation system (Wear and Bolstad 1998). Early 1950s
land-cover data were derived from 1:20,000  panchro-
matic aerial photographs in a 9-inch  format taken by
the US Soil Conservation Service. Most photographs
were leaf-on, early springtime collections; photos for
some areas were taken during leaf-off condition. Land
cover was manually interpreted into forest, nonforest.
abandoned old-field. and early successional shrub
classes within the neat  arca of each image  and poly-
gon boundaries were digitized using a high-precision
(0.0254 mm) coordinate digitizer. Ground control
points were photo-identified and marked, and ground
coordinates were  determined either from field global
positioning system readings or from serial transfor-
mations from US Geological Survey (USGS)
1:24,000-scale  quadrangle maps. Data were terrain
and tile corrected using a single photo resection (Wolf
1983). based on 30-m digital elevation models
(DEMs).  Single photo images were then combined in

a mosaic to create land-cover maps for each study
area. and data classes were aggregated to forest and
non-forest classes.

The 1970 land cover data were produced using a
maximum-likelihood classification of all or part of
seven Landsat  multi-spectral scanner (MSS) scenes.
Summertime data were collected and scenes terrain
corrected and georeferenced. Training data were col-
lected from nearly coincident 1:20,000  black and
white aerial photography. Classification was aggre-
gated to forest and nonforest classes, and classifica-
tion accuracy was verified to > 90% using withheld
photointerpreted points (Lillesand and Kiefer 1994).

The 1990 land cover data were derived from max-
imum-likelihood classifications of Landsat  thematic
mapper (TM) data (Wear and Bolstnd 1998). Mid-
summer data collected in the early 1990s were geo-
corrcctcd and gcorcfcrenced. Training data were col-
lected for known land-cover types, based both on
held visits and air-photo interpretation. Classification
was aggregated to forest and nonforest classes, and
accuracy of both land-cover classifications was vcri-
fied to be > 95% (Lillesand and Kiefer 1994).  All data
were  converted to I-ha resolution raster  format.

Building density data for each time period were
obtained by manually digitizing topographic maps
(see Wear and Bolstnd (1998) for details). Data were
stored in raster format as number of buildings per
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I-ha cell. Projected future patterns of land cover and
building density for the four study areas were ob-
tained from Wear and Bolstad (1998). They linked a
negative binomial regression model of building dcn-
sity with a logit model of land cover and tit  the model
using spatially referenced data from the same four
study sites.

The extent and spatial pattern of the potential forest
communities in each landscape were evaluated by
computing the proportion of each community type in
the landscape, the  number of forest patches  and mean
patch size. and the length of the forest-nonforest edge
for each community type using FRAGSTATS (Mc-
Garigal and Marks 1995).  This analysis assumed no
human modification of forest cover: that is, the extent
and spatial arrangement of each community were de-
termined solely by terrain. These metrics provided the
baseline spatial pattern that would be observed for
each community type if the region was fully forested.

Next, we separately overlaid the forest-cover maps
from the 19.50s, 197Os, 1990s and the projected land
cover maps for 2030 on the potential forest commu-
nity map to produce new maps of the actual distribu-
tion of each community type during each time period.
We then recomputed the metrics described above and
evaluated the differences in each metric relative to the
baseline. The number of patches and mean patch size
were also normalized relative to the values of the
metrics for the potential forest community distribu-
tions, permitting  comparison among the four study
areas.

Observed patterns  of building density wcrc  ovcr-
laid separately on each land cover map for 1950 and
1990. Building density  values were computed within
9-ha  windows for each study area and time period and
then classified into four categories: 0. 1-2, 3-5, and
> 5 buildings. The relative frequency of cells in each
building density class was tabulated for ,each  forest
community type in each of the four study areas.

Results

Potential abundurlce  and spatial pattern of the
forest communities

In the absence of modification of forest communities
by human land use, the mixed hardwood community

would comprise the dominant and best-connected for-
est type, occupying between 47% and 70% of each
study area and having the largest mean patch sizes
(Table  1). The northern hardwood community is least
abundant in three of the study areas, and oak-pine is
the lcast  abundant community in Grayson  County
(Table 1). Northern hardwoods are generally re-
stricted to high elevation sites and occur in smaller
patches than the other forest types. The cove hard-
wood community is relatively abundant, occupying
17% to 24% of each study area, but it is also netu-
rally fragmented by topography, as reHected  in the
high number of patches and smallest mean patch sizes
among community types  (Table 1). Oak-pine is also
relatively abundant (17-27%) except in Grayson
County where it occupies only 7% of the study area.
The oak-pine community is somewhat better con-
nected that cove hardwoods, with fewer patches and
a greater mean patch size, largely because it occurs
on topographic positions (i.e., ridges) that are less
dissected.

Observed change in abundance and spatial pattern
of forest communities (19SOs-I  990s)

Overall forest cover increased during the study period
(Figure 3). There was a net increase in abundance of
each forest community type in each study area be-
tween 1950  and 1990, although there was variation in
the timing of the greatest increase (Figure 4). For ex-
ample, forest cover for all community types increased
in Madison County between 1950  and 1970 then de-
clined from 1970 to 1990, whereas forest cover in
Grayson  County and the LTRB generally increased
during both intervals. In the Cant  Creek Watershed,
most community types increased prior to 1970, then
cove hardwoods and oak-pine declined slightly be-
tween 1970 and 1990. Among the study areas. the
LTRB has shown the  least amount of land-cover
change, remaining largely forested throughout the
study period. ’

Among forest community types, cove hardwoods
and oak-pine communities were offcctcd most by
land-cover change (Figure 4). Cove hardwood occu-
pied merely 30110% of its potential sites  in Grayson
County and Cane Creek during the 1950s and oak-
pine occupied approximately SO% of its potential
sites (Figure 4). Although these communities have
increased in abundance since the 1950s.  both commu-
nities remained substantially reduced in Cane Creek,
and cove hardwoods remained reduced in Grayson
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E&e  I. Abundance and mrnsure~  of spatial arrangrn~ent  of four forest community types in four study areas of the Southcm  Appalachian
Mountains assuming complete forest cover (i.e., no effects of deforestation; see Methods for details). Standard deviation of the mean for
patch size is shown in parentheses.

Study  area

M e t r i c

Cwe hardwood

Percent of area

Number of patches

Mean patch size

M i x e d  hnrdrvood

Percent of area

Number of patches
Mean patch size

Norrhem hardwood

Percent of area

Number of patches

Mean patch size

Oak-pine

Percent of area

Number of patches
Mean patch size

GKQ5OIl .Madison

16.6 23.1

4513 2824

4.21 (16.8) 9.90 (58.9)

69.6 46.9

143 1206

55X.25  (5614.4) 45.9 (73 I .6)

7.7 2.9

272 278

29.73 (403.33 12.17 (60.4)

6.8 26.6

I x99 2322

4.09 (13.6) 13.53 (93.80)

L T R R Cane Creek

20.4 21.7

3412 498

X.76 (33.7) 7.01 (37.9)

51.3 54.3

943 127

79.86 (2006.6) 65.72 (395.4)

10.9 I.1

947 2 1

16.83 (236.2) 8 .  I I (20.6)

17.4 22.9

1206 344
45.92 (731.5) 10.71 (41.2)

County. The mixed hardwood community has been
moderately affected by land-use change and occupied
3 60% of potential sites by the 1990s.  The northern
hardwood community was least affected by land-
cover change and occupied > 80% of its potential
sites in all four study areas by the 1990s  (Figure 4).

The spatial pattern of the  four forest community
types in each study area has changed since the 1950s
(Figure 5; for actual values of metrics, see Appendix
I). For cove hardwoods, both the number of patches
and mean patch size  increased between the 1950s and
1990s in the LTRB, Grayson,  and Madison Counties
(Figure 5),  indicating the addition of new forested
sites and possibly the expansion of existing patches.
In Cant  Creek,  there  was a slight increase in the num-
ber of patches but little increase in mean patch size.
In Madison County. the length of edge for cove for-
ests increased from 606 km in 1970 to 1007 km in
1990, whereas edge length declined in the other three
study areas (Appendix 1). Mixed hardwoods have in-
creased substantially in abundance and connectivity
in Grayson  County, where they comprise the domi-
nant cover type, as indicated by the decline in num-
ber of patches and increase in mean patch size. The

spatial pattern of mixed hardwoods in the other three
study areas showed little change, although the length
of forest-nonforest edge has declined (e.g., from 2009
to 1640 km in the LTRB from the 1950s to 1990s).
The oak-pine community has shown an increase in
number of patches and in mean patch size in the
LTRB, Grayson,  and Madison Counties  but csscn-
tially  no change in spatial pattern in Cane Creek. The
length of forest-nonforest edge for oak-pine forest in-
creased in Madison County between the 1970s and
1990s (from 798 to 1249 km).

Comparisons between the actual spatial pattern
and the pattern of potential forest cover revealed dif-
ferences among these community types. The northern
hardwoods community is quite  close to the expected
number of patches in all four counties, although mean
patch size was 50% less than the potential value in
Cane Creek in 1970, and the projected mean patch
size in 2030 in the Madison area is 25% less than po-
tential (Figure 5). In contrast, the oak-pine commu-
nity varied widely among study areas and through
time. Grayson  County is projected to approach the
potential number of patches and mean patch size of
oak-pine by 2030, but mean patch size for oak-pine
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F&m 3. Change in forest cover (shown in black) between 1950  and 1990 for two  of the study areas, Madison County and Cane Creek
Watershed, North Carolina. Nonforest  cover is indicated in white.

is expected to be 40-80’3~  less than the potential value
in the other study areas (Figure 5). For the mixed
hardwood community, the number of patches and
mean  patch size are generally approaching the cx-
petted  values throughout the time series, although
fewer  patches  arc predicted  for Cane Creek Watcr-
shed (Figure 5). The cove-hardwood community re-
mains reduced in mean patch size as compared to the
potential distribution, with the LTRB having the least
deviation from the potential distribution and Cane
Creek having the greatest deviation.

Projected changes in land cover in 2030 suggest
that all four forest communities are likely to increase
in abundance and spatial connectivity in the LTRB,
Grnyson,  and Madison Counties (Figure 5). The
LTRB. which is already highly forested and little
modified by human land use, will change the least.
Grayson  County, the least populated and most rural
of the study areas, will continue along the trajectory
of reforestation evident since the 1950s.  The Madi-
son study area, which encompasses a more-developed
southerly section and less-developed northerly sec-
tion, will see  an increase and consolidation of forest

cover. In Cane Creek, where population density is
greater and development  mom rapid, cove forest,
mixed hardwood and oak-pine communities are all
projected to decline in abundance.

Building density in ,forest  communiries
( 19sos- I 990s)

Between 1950  and 1990, overall building density ap-
proximately doubled in three of the study areas (0.04
to 0.09 building/ha for Madison, 0.14 to 0.25
building/ha for Cane Creek, and 0.11 to 0.22
building/ha for LTRB). Increases in building density
were more modest for Grayson  County (0. I6 to 0.17
buildings/ha). Most new buildings were constructed
on private lands. When public lands such as National
Forests are excluded from the analysis, the increases
in building density were even greater.

When only forested sites are considered, increases
in building density remained apparent. In Madison
County, Cane Creek and LTRB, the forested area hav-
ing at least one building increased 5-IO%  during this
period. In our analysis of 9-ha  windows, we found



456

Cove Hardwood Mixed Hardwood

Northern Hardwood. *

Grayson Madison ’ ’LTRB Cane Creek

Oak-Pine

Grayson Madison LTRB Cane Creek
ml950 al970 ml990 n 2030

F‘@re  4. Prvponion  of the potential suitable sites occupied by four forest communities in the 19.50~.  1970s  and 1990s  and projected for
2030.

that builcting  density  varied among forest community
types and through time. In 1950, the cove hardwood
and oak-pine communities had the greatest building
density (0.9 and 0.8 buildings/9 ha, respectively).
Northern hardwoods had the lowest building density
in 1950 but experienced some of the greatest in-
creases (Figure 6). e.g., going from practically no
buildings in Grayson  County and LTRB to 0. I and 0.2
buildings/9 ha, respectively, in 1990. Increases in
mean building density were similar for cove hard-
wood. mixed hardwood. and oak-pine forests, al-
though the amount of increase varied among study
areas. Building density approximately doubled for
these  three  communities in the Cane Creek, LTRB.
and Madison County study areas (Figure 6). The
grcatcst  absolute  increase  occurred in the Cane Creek
watershed. The forests of Grayson  County experi-
enced little incrcasc in building density, except for the
northern hardwoods community.

Whether building density increased mainly in
older or younger forests varied among study areas. In
the LTRB and Cane Creek, 60-70% of the sites that
increased in building density were in forest that pre-
dated 19.50. In contrast, 5545% of the sites that in-
creased in building density  in Grayson  County and
LTRB occurred in reforested areas. In these two coun-
tics, residential dcvclopnrent has occurred on aban-
doned farmlands where forest has regrown since
1950.

Discussion

The abundance and spatial pattern of forest commu-
nities in Southcm Appalachia have hccn strongly in-
Iluenced  by land-use changes. Farmland and timber
were  the dominant land uses in the  early 1900s.  and
small family farms were prevalent. Many families
practiced subsistence agriculture and/or raised crops
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and livestock for sale in local or regional markets.
Agriculture dominated the economy  until the national
transportation network (railroads and improved
roads) expanded agricultural trade in the mid-1900s.
Small farms with rocky mountain soils could not
compete with larger farms in the Midwest and Deep
South, and many residents of Southern Appalachia
abandoned their marginal farmlands and emigrated
(Eller 1982). Thus. the number of farms and residents
dcclincd during the  mid 19OOs,  allowing natural re-
forestation that continued through the 1.990s in some
areas. This transition is similar to that described for
the New England landscape (Foster 1992) and moun-
tainous areas of Wcstcm  Europe  (MacDonald ct al.
2000).

The human population of the region began to in-
crease again in the late 1900s (US Census Bureau,
Profile of General Demographic Characteristics.  Cen-
sus 2000 Summary File, http://www.census.gov/)  as
new residents were attracted to the region for its nat-

ural  beauty, quality of life, and recreational opportu-
nitics. Rcsidcntial development likewise  increased.
but the “ecological footprint” (sensu  Reid (2001)) of
an individual resident  was much smaller compared to
the early 1900s. The economy had shifted to indus-
trial and service-based sectors, and more pcoplc  could
live on less land because their needs (e.g., food and
fiber) were  being subsidized by resources from out-
side the mountain region. Therefore. each resident di-
rcctly affected less land inside the region in 1990 than
during the earlier agricultural times. These economic
changes produced increases in both human population
and forest cover.

Economic costs and benefits  associated with par-
ticular land uses influenced the topographic pattern of
forest cover change (Wear and Flamm 1993: Turner
et al. 1996; Wear and Bolstad 1998). Agriculture was
abandoned primarily on marginally productive sites
on steep slopes and at high elevations, and reforesta-
tion was prevalent on these topographic positions.
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Similar patterns have been described for other moun-
tainous regions, including Western Europe (Mac-
Donald et al. 2000). Costs associated with extractive
land uses (e.g., timber harvest and mining) were  also
greater in high-elevation, steep terrain and at loca-
tions distant from cstablishcd  roads. However, rcccnt
home development may be driven by environmental
amenities, especially scenic views  and remoteness.
desired by an exurban population and resulting in de-
velopment of higher elevation sites.

Biotic communities in the Southern Appalachians
were ‘affected differentially by the changes in land
use/land cover, and our results indicated that frag-
mentation of some forest  communities is more  scvcre
than examination of overall forest cover would indi-
cate. Northern hardwood forests experienced the least
amount of change. Cove hardwood communities,
which are naturally dissected by topography, were
most susceptible to both loss and fragmentation. In
contrast, mixed deciduous forest remained extensive
and well connected. Cove-hardwoods occur at low to
mid elevation in more sheltered slope positions, co-
inciding with topographic positions most likely to ex-
perience land-use change (Wear and Flamm 1993;
Turner et al. 1996). These communities are highly
productive because they have adequate moisture and
fertile soils, and thus cove hardwood sites were de-
sirable for agriculture.

Cove hardwood communities are also character-
ized by a species-rich herbaceous flora that includes
long-lived perennial plants with limited dispersal.
Some herbaceous species (e.g., Liliaceous species)
arc  absent  or greatly  reduced in abundance in rcfor-
ested cove-hardwood forests that were subjected to
past agricultural uses (Pearson  et  al. 1998: Mitchell
et al. 2002). In particular, myrmecochorous species
(e.g., Disporum  maculntum,  Uvularirr  grnndiflora)  in
cove hardwoods are negatively related to prior iand-
use intensity  and positively  related to patch size
(Pearson et al. 1998; Mitchell et al. 2002). Thus. per-
sistent effects  of historical land use combined with the
current spatial arrangement of and increasing build:
ing density within the cove-hardwood forest  commu-
nity may limit recovery of these species. Loss and
fragmentation of cove-hardwood communities would
‘influence the availability of suitable habitat for a va-
riety of species, which in turn may influence the long-
term persistence of species in the landscape. These
species-rich communities are likely  to be most vul-
nerable to future land-use change and thus might ben-
efit most from conservation efforts.

Changes in land cover alone may be insufficient to
account for habitat modification and impacts of hu-
man land use on biodiversity and ecosystem function
because building density may change independently
of forest cover. We observed the greatest increases in
building density near cities and towns. Building dcn-
sity and nonforest cover were both negatively corre-
latcd  with distance to market centers (i.e., towns and
cities) for the rural LTRB and Madison Counties
(Wear  and Bolstad 1998). In contrast, building dcn-
sity was positively correlated with distance to market
centers in Cane Creek, located between the metropol-
itan areas of Asheville and Hendersonville, NC. This
pattern  reflects  the preferences  of many residents to
live in the country but commute to the employment
opportunities  and amenities provided by cities (Lucy
and Phillips 1997; Zipperer et al. 2000). Moreover,
some of this residential development was not associ-
ated with changes in land cover because forests were
not cleared during construction, reflecting preferences
of some residents for living in the woods. Changes in
building density were more pronounced in particular
topographic positions and were not uniformly ex-
pressed across the four forest community types.

Recent residential development has occurred on
higher, steeper sites not previously subjected to de-
velopment pressure. During the early and mid 1900s.
buildings were largely concentrated on gentle slopes
and in close proximity to roads, which often followed
streams and rivers. Therefore, effects of building den-
sity on low elevation and riparian habitats have been
pronounced (Wear et al. 1998). Development pressure
is likely IU remain high in these locations, but rcccnt
building trends have extended to high elevation, less
accessible sites. Affluent residents are less contrained
by the high costs of construction and access associ-
atcd with these topographic positions. These sites are
often characterized by older forests not previously
clcarcd for agriculture, and this new  pattern of devel-
opment may threaten these forest communities. In
particular, the northern hardwood community, which
was least affected by changes in land cover may be
quite susceptible  to cffccts  of incrcascd building dcn-
sity.

The  implications of joint increases in forest cover
and development remain poorly understood, but the
future  vulnerability of forested ecosystems to land-
use change may result from increased building den-
sity below  the canopy. Human population density in-
creased along with forest cover in our study areas,
and many of the people live in homes constructed in
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the forests. Such trends are also occuring in other ru-
ral areas of the U.S. where residential development is
replacing agricultural and extractive uses (Duerksen
ct al. 1997; Turner et al. 1996; Radeloff et al. 2000,
2001: Schnaiberg et al. 2002). Housing density has
increased in many forested  areas that offer appealing
natural amenities such as mountains and lakes. In
turn, this increase may influence native species (e.g..
Vogel 1989, Bolger et al. 1997, Duerksen et al. 1997,
Harrison 1997, Odcll  and Knight 2001). For example,
avinn densities in Pitkin  County. Colorado, did not
differ between high- and low-density development
but were statistically different from undeveloped sites
(Ode11 and Knight 2001). Avian densities  were altered
up to 180 m away from homes on the perimeter of
exurban developments, with human-adapted species
increasing near homes and human-sensitive species
declining (Ode11 and Knight 2001). In southwestern
Ontario, the number of houses surrounding a forest
severely reduced the suitability of the forest for Neo-
tropical migratory birds (Friesen  et al. 199.5).

Many studies have addressed spatial patterns of
deforestation, but fewer have examined spatial pat-
terns of reforestation that have characterized land-
cover change throughout much of eastern North
America during the 20”’ century (but see Turner 1990;
Foster 1992; Motzkin et al. 1996; Pearson et al. 1998,
Foster et al. 1999). We documented increasing extent
and connectivity of major forest communities in the
southern Appalachians, but continuing exurban devel-
opment may negate some benefits of the forest re-
growth that occurred in many regions of eastern
North America (Askins  ct al. 1990). Our study sug-
gests that community-level analyses of landscape

change may be instructive and complement analyses
done for individual species. The analyses we applied
to the Southern Appalachians could be done in other
geographic regions to identify community types or
landscape positions that are most affected by land-use
change.

In conclusion, the extensive reforestation that oc-
curred in the Southern Appalachian Mountains may
mask differential effects of land-use patterns on for-
cst communities as well as the effects of development
that occur under the forest canopy. Changes in land
use may occur even if land cover remains the same.
Certain topographic positions are more likely to ex-
perience changes in land use or land cover, and the
species within them may be affected differentially.
Our study demonstrates that cove-hardwood forests
remain reduced in extent in some areas of the South-
em Appalachians, and these communities are also
most likely to be impacted by increased building den-
s i t y .
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Trrhle  Al. ?vleasures  of spatial ananpement of four forest community types in four study areas  of the Southern Appalachian Mountains a
observed for three time periods (1950, 1970, and  199V)  and projected to 2030.

Study area

Madison LTRB Cant  Creek

C o v e  h a r d w o o d

Number of Patches

1950 2549

1970 3511

1990 34X5

2030  (predicted) 3566

Mean patch size (stand%;  deviation) (ha)

1950 ‘2.34 (3.6)
1970 2.71 (4.3)

1990 3.05 (5.1)

2030 (predicted) 3.37 (6.2)

308 1

2x44

3337
3050

3359

3255

3498
3250

408

549
454

33x

4.45 (12.5) 6.50 (17.4) 3.70 (6.4)
X.14 (22.2) 7.x4 (23.2) 3.26 (5.1 j

5.80 (12.9) 7.47 (20.93) 3.84 (6.5)

6.71 (18.10) 8. I 1 (23.7) 4.17 (7.3)

Length of edge between  forest and nonforest (km)

1950 616.4

1970 743.4

1990 550.2

2030 (predicted) 344.6

823.7 488.4 77.8

606.4 39X.6 132.9

1007.0 441.1 81.1
572.3 159.8 37.4

Mixed hardwood
Number of Patches

1950

1970

1990
2030 (predicted)

1 X92 2075

12X3 1950
664 2056

319 1620

1590 181

1515 24x
15X6 169
1215 101

Mean patch size (stnndsrd  deLiai  (ha)

1950 17 15 (103.6)

1970 35.30 (367.5)

1990 78.08 (1235.2)

2030 (predicted) 184.99 (2525.3)

Length of edge between forest and  nonforest  (km)

1950 3424.7

1970 3206.2

1990 23X1.1

2030 (predicted) 153 1 .X

17.01 (105.7) 39.4 I (5X9.0) 34.75 (205.2)

23.24 (347.4) 32.95 753.4) 26.48 (174.3)
21.26 (2X9.5) 42.87 (781.4) 3 I.27 (329.5)
2X.23 (375.9) 57.70 (103O.S) 65.55 (436.9)

2009.0 1377.5 290.7

1017.2 930.3 32 I .7

1640.4 969. I 19X.5
1020.4 491.2 120.7

Northern hardwood

Number of Patches

1950
1970

1990
2030 (predictctl)

217 266 927 20
262 274 921 25
266 299 935 21

259 270 937 20
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Table Al. Continued

Study area

YElI Grnyson Madison L T R B Cane Creek

Mean patch size (srandard  deviation) (ha)

1950 25.72 (307.1)

1970 23.56 (309.0)

1990 26.57 (355.4)
2030 (predicted) 39.47 (389.7)

7.84 (35.8) 16.68 (209.7) 4.6X (6.5)

10.32 (51.2) 16.98 (212.5) 3.50 (4.4)

9.11 (41.7) 16.65 (208.8) 8.05 (21.0)

9.X6 (44.7) 16.84 (209.3) 8.81 (21.6)

Length of edge between forest and nonforest  (km)

1950 207.7
1970 220.8 ’

1990 107.9’

2030 (predicted) 51.7

65.2 55.6 4.2

29.2 33.6 7.5

87.4 65.7 1.1

24.2 9.7 0.4

O&pine
Number of Patches

1950

1970

1990
2030 (predicted)

1349 2914 3259 377

1567 2914 3340 399

1649 3107 3294 385

1696 2677 3147 3  I  0

Mean patch size (standard deviation) (ha)

1950 2.89 (4.8)
1970 3.27 (6.9)

1990 3.58 (8.8)

2030 (predicted) 3.86 (I I .4)

6.64 (20.5) 5.97 (12.0) 5.35 (8.9)

8.04 (24.9) 5.74 ( 14.2) 556112.1)

7.47 (23.0) 6.76 (19.5) 5.63(11.0)

8.95 (33.4) 7.34 (23.5) 5.99(12.X)

Length of edge between forest and  nonforest (km)

1950 365.7

1970 311.0

I900 221.6
2030 (predicted) 122.1

1274.6 866.5 156.7

791.7 574.3 1 5 4 2

124X.7 569.1 144.i

803.2 341.1 98.8
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